Nanoparticles of NiO (NP-NiO) were prepared by a novel sonochemical route from Ni acetate and sodium hydroxide without any requirement of calcinations steps at high temperature and without surfactants. Variations in several parameters and their effects on the structural (crystal size and morphology) properties of nanoparticles were investigated. Characterizations were carried out by X-Ray powder diffraction (XRD), scanning electron microscopy (SEM), and solid state UV and room temperature photoluminescence (PL) measurements. In this article, we will discuss the optical properties of NiO-nanoparticles that we have investigated recently by photoluminescence (PL) spectroscopy. In particular, I will show the blue-shifts of PL, originating from the electron-hole recombination of the Self-Trapped Exciton (STE), observed in smaller-sized NiO-nanoparticles. To explain the size effect in relating to the STE PL shift, a question has been raised on whether it is appropriate to apply him Quantum Confinement (QC) theory usually used for the Mott-Winner type excitons in semiconductors to wide band-gap material, such as silica. In this study, a laser-heating model of Free Excitons (FEs) to activate lattice phonons has been developed, rather than the QC effect, to interpret the blue-shifts of STE PL in smaller-sized NiO-nanoparticles. The blue-shift of STE PL is actually resulted from phonon-assisted PL due to the thermalization of the NiO-nanoparticle system during laser irradiation.
Nanoparticles of NiO (NP-NiO) were prepared by a novel sonochemical route from Ni acetate and sodium hydroxide without any requirement of calcinations steps at high temperature and without surfactants. Variations in several parameters and their effects on the structural (crystal size and morphology) properties of nanoparticles were investigated. Characterizations were carried out by X-Ray powder diffraction (XRD), scanning electron microscopy (SEM), and solid state UV and room temperature photoluminescence (PL) measurements. In this article, we will discuss the optical properties of NiO-nanoparticles that we have investigated recently by photoluminescence (PL) spectroscopy. In particular, I will show the blue-shifts of PL, originating from the electron-hole recombination of the Self-Trapped Exciton (STE), observed in smaller-sized NiO-nanoparticles. To explain the size effect in relating to the STE PL shift, a question has been raised on whether it is appropriate to apply him Quantum Confinement (QC) theory usually used for the Mott-Winner type excitons in semiconductors to wide band-gap material, such as silica. In this study, a laser-heating model of Free Excitons (FEs) to activate lattice phonons has been developed, rather than the QC effect, to interpret the blue-shifts of STE PL in smaller-sized NiO-nanoparticles. The blue-shift of STE PL is actually resulted from phonon-assisted PL due to the thermalization of the NiO-nanoparticle system during laser irradiation.
Many workers have reported band to band PL for a number of materials. In case of nanocrystals the PL peak is observed at same energy as the absorption edge shift towards shorter wavelength for smaller particles. In general it is difficult to obtain mono disperse particles and PL spectrum can be taken as superposition of the contribution from each individual nanoparticle. The effect of particle size distribution of semiconductor nanoparticles on the band-edge photoluminescence spectrum is investigated. The calculations show inhomogeneous broadening of PL line shape. The measured PL spectrum which exhibit peaks arising from band-edge luminescence and recombination at defects can be analyzed by fitting the calculated line shape to it. Thus, the overall behavior of PL spectrum is strongly affected by the size distribution of nanoparticles.
In summary we suggest that the PL spectrum is the simple, straight and inexpensive method for preparation of size in nanoparticles of NiO. Nanoparticles of NiO are various emissions responsive they size and morphologies. However the different sizes of nanomaterials have various emissions in PL spectra and this demonstrates that photoluminescence spectroscopy can be a powerful method for grading of NiO nanoparticles.
